The genus Begomovirus contains geminiviruses that infect dicotyledonous plants and are transmitted by the whitefly Bemisia tabaci Gannadius. Begomoviruses have emerged everywhere in the world where environmental conditions support large B. tabaci populations, and have become a major constraint in the production of food and fiber crops such as cassava, tomato, cucurbits, pepper, bean, and cotton (34, 51) .
Begomoviruses indigenous to the Western hemisphere (i.e., New World begomoviruses) have bipartite genomes with components referred to as DNA-A and DNA-B. DNA-A encodes genes responsible for viral replication, regulation of gene expression, suppression of gene silencing, and particle encapsidation. DNA-B encodes proteins involved in virus movement, host range determination, and symptom development (25, 45) .
In the Americas, the vegetable crop currently suffering most seriously from begomovirus infection is tomato. Epidemics that can result in up to 100% yield losses are often observed, resulting in severe economic and social consequences (9, 34, 37, 51) . Although tomato is the most common host from which New World begomoviruses have been isolated (12, 51) , there is no reason to suppose that all begomovirus species threatening tomato have yet been sampled. Considering the current rate at which new begomovirus species are being discovered, it is probable that many more undescribed species are yet to emerge as a threat to tomato and other crop cultivation in the Americas.
Before the 1990s, the only known begomovirus disease of tomato in Brazil was caused by Tomato golden mosaic virus (TGMV). However, the introduction and rapid spread of a new B. tabaci biotype (referred to as biotype B) throughout Brazil in the mid-1990s has corresponded to a massive increase in the prevalence and severity of tomato-infecting begomoviruses, and associated disease problems in tomato have escalated to epidemic proportions (9, 40) . Partial sequence characterization of begomoviruses collected in the main tomato-producing areas of Brazil during these outbreaks has revealed that they have an extraordinarily high degree of genetic diversity, with at least nine new emergent species believed to be present in the country (1, 9, 39) . Although there is ample information available on TGMV, very little is known about the other recently discovered tomato-infecting begomovirus species.
One of these new species is Tomato chlorotic mottle virus (ToCMoV). Although ToCMoV was the first begomovirus specie isolated in the northeastern region of Brazil (9, 39) , it appears to be widely distributed and is also present in several states in the southeastern region of the country (1, 39) . The DNA-A component of a ToCMoV isolate Mg-Bt1 from the southeastern state of Minas Gerais previously was isolated and reported to systemically infect Nicotiana benthamiana plants, but not tomato, its natural host (16) . This article reports the biological characterization, cloning, and sequencing of the complete ToCMoV-[BA-Se] genome. Extensive sequence comparisons with other New World begomoviruses were performed to elucidate the role of recombination in the emergence of these viruses.
MATERIALS AND METHODS
Virus isolate. In 1996, tomato leaf samples with yellow mottle symptoms were collected in Seabra, Bahia, Brazil. Total DNA was isolated from the infected leaves (7) and evaluated for the presence of begomoviruses by polymerase chain reaction (PCR) using the degenerate primer pair PAL1v1978 and PAR1c715 for DNA-A and CRC2, and PBL1v2040 for DNA-B (44). For propagation of the isolate, total DNA was precipitated onto tungsten particles and delivered to healthy seedlings of N. benthamiana by particle bombardment (2) .
Cloning and sequencing of the viral genome. Total DNA was isolated from N. benthamiana-infected leaf, digested with several restriction enzymes, and analyzed by Southern blot using DNA-A and DNA-B PCR fragments (labeled by random priming with 32 P) as probes to identify the enzymes with single cutting sites in each component. From this analysis, KpnI and HindIII appeared to linearize DNA-A and DNA-B, respectively. Hence, these enzymes were used to digest total DNA. KpnI-and HindIII-digested DNA was fractionated in an agarose gel and fragments ranging from 2.0 to 3.0 kb were excised from the gel and ligated into either KpnIor HindIII-digested pBS KS+ (Stratagene, La Jolla, CA). Recombinant clones were identified by colony hybridization with DNA-A or DNA-B probes. Two full-length DNA-A and DNA-B clones were sequenced. Sequence analysis and comparesons were performed using the open reading frame (ORF) finder and BLAST web servers and DNAMAN version 4.0 (Lynnon Biosoft, Québec).
Infectivity of cloned ToCMoV-[BA-Se1] genome components. To test the infectivity of cloned ToCMoV-[BA-Se1] genome components, DNA-A and DNA-B were cut from their vector with KpnI or HindIII, respectively, and self-ligated to form closed, circular double-stranded DNA molecules. In all, ≈2.5 to 5 μg of each component was precipitated onto tungsten particles and inoculated by particle bombardment into Lycopersicon esculentum 'Viradoro' seedlings. Plants bombarded only with pBS KS+ were included as negative controls. Plants were monitored for symptom development and infection was confirmed by squash blot hybridization using probes specific for ToCMoV-[BA-Se1] DNA-A and DNA-B.
Whitefly transmission. To test whether the progeny of cloned ToCMoV-[BA-Se1] components were whitefly transmissible, symptomatic tomato plants inoculated by particle bombardment were used in transmission experiments. Individuals of B. tabaci biotype B were reared on squash plants, transferred to an infected tomato plant, and allowed an acquisition access period of 48 h. Five adult flies subsequently were transferred to a clip cage and placed in contact with the abaxial leaf surface of a healthy tomato plant for an inoculation access period of 48 h. Two cages were placed on each test plant. The plants were observed for symptom development and analyzed for the presence of virus by squash hybridization.
Experimental host range of ToCMoV-[BA-Se1]. During host range experiments with ToCMoV-[BA-Se1], we inoculated potential hosts both mechanically and by particle bombardment. Seedlings of L. esculentum ('Santa Clara' and 'Viradoro'), N. tabacum ('TNN'), N. benthamiana, Nicandra physaloides, Datura stramonium, D. metel, Capsicum annuum ('Margarita' and 'AG10'), and Glycine max ('Celeste' and 'Conquista') were inoculated by particle bombardment as described above. Mechanical inoculations were conducted by grinding Nicotiana benthamiana-infected leaf tissue in phosphate buffer, pH 8.0, containing 25 mM EDTA and 0.01% sodium sulfite, and rubbing the extract onto carborundum-dusted leaves of Arabidopsis thaliana var. Columbia, L. esculentum ('Money Maker' and 'Tiny Tim'), C. annuum ('Pikante Reuzen'), N. tabacum ('White Burley'), N. rustica, N. rosellata, N. (13) were able to form viable pseudorecombinants, infectious DNA-A and DNA-B clones of both viruses were mixed and inoculated, in all possible combinations, into N. benthamiana seedlings by particle bombardment. Results were scored by visual observation of symptom development and by squash blot using virus-specific probes.
Phylogenetic analysis. Multiple alignments of complete New World Begomovirus DNA-A and DNA-B components were prepared using ClustalX (49) . Phylogenetic trees were constructed using the maximum parsimony method implemented in PAUP version 4.0b10 (Swofford, D. L., Sinauer Assoc., Sunderland, MA). The most parsimonious tree was searched for using the heuristic method with stepwise addition and the tree bisection-reconnection branch-swapping options. Bootstrap analysis was performed using 1,000 replicates. (31) . A multiple comparison corrected P value cutoff of 0.05 and default settings were used throughout, and only events detectable by two or more different methods were retained for further analysis. For each event involving either of the two ToCMoV isolates as donor or acceptor sequences, two neighbor-joining trees were constructed, using portions of the alignment bounded by the two detected recombination breakpoints. The minimum number of branch transplants needed to convert the tree topology of one tree into that of the other was used to infer which of the sequences used to detect recombination events were donors or acceptors (33) . In the case of ties between two sequences, a distance-based measurement based on that used in the Phylpro method (52) was used as a tiebreaker. Both methods are implemented in the β version of RDP3, which is available on request from D. P. Martin. An alignment of 33 New World Begomovirus DNA-B sequences was examined for evidence of recombination events involving ToCMoV-[BA-Se1] in a manner identical to that described for the DNA-A sequences.
The following Begomovirus sequences were obtained from the GenBank and used for phylogenetic comparisons and recombine- 
RESULTS

Cloning and infectivity of cloned viral components.
Begomovirus infections initially were detected in field-infected tomato plants collected in Seabra, Bahia, Brazil, by PCR using degenerate primers (39) . Several potentially full-length clones (≈2,600 nucleotides [nt]) were obtained from N. benthamiana infected with DNA extracted from diseased tomato, and identified as DNA-A or DNA-B by Southern hybridization. Two clones representing DNA-A (pK56 and pK133) and two DNA-B clones (pH81 and pH2) were chosen for infectivity tests. Clone pK56 shared 99% nucleotide identity with pK133, and pH81 shared 99% identity with pH2. At ≈14 days post inoculation (dpi), tomato 'Viradoro' seedlings that had been bombarded with all combinations of cloned DNA-A and DNA-B components developed symptoms of vein chlorosis, chlorotic spots, and yellow mottle, similar to symptomatic tomato plants observed in the field (Fig.  1B) . Systemic infection was confirmed by squash blot analysis of newly emerged symptomatic leaves using both DNA-A and DNA-B probes. None of the plants inoculated either with DNA-A, DNA-B, or pBS KS+ alone developed symptoms, and no virus was detectable by squash blot analysis. All combinations of DNA-A and DNA-B were infectious and induced indistinguishable symptoms in tomato plants; therefore, clones pK56 and pH81 were chosen as representative of ToCMoV-[BA-Se1] DNA-A and DNA-B components, respectively, and were used throughout this study.
Host range and whitefly transmission. ToCMoV-[BA-Se1] could infect a range of different host species when inoculated either by particle bombardment with cloned DNA-A and DNA-B or by mechanical inoculation using infected N. benthamiana as the inoculum source (Table 1 ; Fig. 1 ). All inoculated tomato cultivars displayed chlorotic spots, vein chlorosis, and typical yellow mottling ≈14 dpi, regardless of the inoculation procedure ( Fig. 1A and B) . Infected N. benthamiana plants were stunted and developed vein clearing, crumpling, epinasty, and systemic mottling (Fig. 1C) . However, no symptoms were observed and viral DNA was undetectable when either plant species was bombarded with only ToCMoV-[BA-Se1] DNA-A or DNA-B alone. This demonstrates again the requirement of both components for the establishment of a systemic infection. Tobacco plants 'TNN' and 'White Burley' presented systemic mottling (Fig. 1D) and Petunia hybrida exhibited vein chlorosis, chlorotic spots, and chlorotic mottle (Fig. 1E) . Pepper cultivars displayed chlorotic spots and leaf deformation (Fig. 1H ). In the weed Nicandra physaloides, ToCMoV-[BA-Se1] caused mosaic, leaf deformation, and very severe stunting (Fig. 1G) . Only one soybean plant from 'Celeste' became infected and showed vein chlorosis, chlorotic spots, leaf mottle, and deformation (Fig. 1F) . Although virus could be detected in all symptomatic plants by either squash blot or PCR, mock-inoculated control plants always gave negative detection results. Although the virus did not spread systemically in D. stramonium, it could be detected by PCR within localized chlorotic spots at the site of inoculation. ToCMoV-[BA-Se1] was whitefly transmissible, and whiteflyinoculated tomato plants developed typical mottle symptoms ≈2 weeks after inoculation. Ten whiteflies per plant were sufficient to achieve 100% transmission.
Genome organization. The ToCMoV-[BA-Se1] DNA-A and DNA-B components are 2,622 and 2,573 nt in length, respectively. The genomic organization of these components was characteristic of New World begomoviruses. DNA-A potentially possesses the virion-sense gene (AV1) and four complementarysense genes (AC1, AC2, AC3, and AC4) that are common to all New World begomoviruses. An additional large complementarysense ORF (AC5) between nucleotide positions 849 and 97 (overlapping with AV1), potentially encoding a 250-amino-acid protein also was present. DNA-B potentially possesses the two genes, one virion-sense (BV1) and one complementary-sense (BC1), characteristic of the DNA-B components of all bipartite begomoviruses. In both components, the virion and complementary-strand ORFs are separated by an intergenic region. Within this region, ToCMoV-[BA-Se1] DNA-A and DNA-B components share a 225-nt common region (CR) with 98% sequence identity, indicating that the two components are very likely the cognate pair of the same begomovirus specie. The CR contains a hairpin structure with the characteristic geminiviral nonanucleotide sequence TAATATT↓AC in the loop at the expected origin of virion strand DNA replication (19, 24) . A direct repeat "iteron" sequence GGGGACTGGGGT, the presumed Rep (AC1 protein product)-binding site (3, 15) , is located just upstream of a TATA box that is potentially involved in complementary-sense gene transcription. A third repeat of this iteron is located 27 nt downstream from the AC1 initiation codon (Fig. 2) .
Phylogenetic analysis.
A maximum parsimony tree constructed using a multiple alignment of 48 New World begomovirus DNA-A sequences (Fig. 3) indicated that ToCMoV-[BA-Se1] and ToCMoV-[MG-Bt1] are sister taxa in a group of crop-infecting viruses within a larger Brazilian cluster of viruses. They share 92% overall identity in the DNA-A component and, in accordance with the ICTV guidelines for species demarcation in the family Geminiviridae (11), they should be regarded, therefore, as isolates or strains of the same new begomovirus specie, ToCMoV. ToCMoV-[BA-Se1] also is closely related to ToRMV and ToSRV.
Although fewer DNA-B sequences are available, phylogenetic analysis of this component also placed most of the Brazilian begomoviruses within a distinct cluster (Fig. 3) . However, the division of crop-and weed-infecting viruses was not as clearly Detailed nucleotide and deduced amino acid sequence comparisons between ToCMoV-[BA-Se1] and all available Brazilian begomovirus sequences are presented in Table 2 . For DNA-A, the AV1 ORF was the most conserved among Brazilian begomoviruses in both nucleotide and deduced amino acid sequence. The similarity in amino acid sequence ranged from 84% with SiYMV to 99% with ToRMV. The least-conserved ORF was AC4, showing the greatest amino acid identity with ToCMoV-[MG-Bt1] (86%) and the least with NDNV (30%). As expected, ToCMoV-[BA-Se1] generally shared the greatest degree of identity with ToCMoV-[MG-Bt1], as their AV1, AC1, AC2, and AC3 nucleotide and putative amino acid sequences were >90% identical. Despite nucleotide sequence identities in excess of 90% for the AC4 and AC5 ORFs, amino acid identities for these ORFs were 86 and 76%, respectively. Although the ToCMoV-[BA-Se1] and ToRMV AV1, AC2, and AC3 sequences share >90% nucleotide and deduced amino acid sequence identity, their AC1 and AC4 sequences share only 77 and 71% nucleotide sequence identity and 80 and 43% deduced amino acid sequence identity, respectively. The DNA-B nucleotide sequence of ToCMoV-[BA-Se1] is most similar to that of ToCrLYV, with which it shares 76% identity. The amino acid identities of deduced BV1 and BC1 protein products of ToCMoV-[BA-Se1] and ToCrLYV were 81 and 91%, respectively.
Analysis of the common region and reassortment experiments. The common region identities of all described cognate Brazilian begomovirus DNA-A/DNA-B pairs are >93%. For this reason, in the multiple alignment of CRs depicted in Figure 2 (with the exception of ToCrLYV, for which only the DNA-B sequence is available), only DNA-A CR sequences are considered. In this region, all cis-acting elements involved in viral DNA replication and transcription of the AC1 ORF are present (Fig. 2) . The sequence and number of inverted and direct repeats vary among different viruses. ToCMoV-[BA-Se1], ToCMoV-[MG- Bt1], SiYMV, and SimMV-[A2B2] have the same GGGGA iteron. However, instead of a third direct repeat, SimMV-[A2B2] has an inverted repeat. The sequence identity of these elements suggests that reassortment among components of these viruses might be possible. It is interesting to point out that, although the iteron sequences for ToCrLYV and TGMV- [YV] are GGTG and GGTAG, respectively, both viruses also have a GGGGT (GGGGC for TGMV) DNA-A sequence upstream of their 5′ iteron (Fig. 2) which might facilitate the interaction of genome components of these two viruses with the Reps of viruses possessing GGGGA iteron sequences.
Although the frequency of component reassortment in nature is unknown, experimental reassortment can sometimes yield viable pseudorecombinants (18, 38) . For example, Galvao et al. (16) 14 plants) , none of the reassortants between these viruses were viable, as evidenced by the absence of both symptoms and detectable viral DNA in inoculated plants.
Recombination. In an analysis of recombination between New World begomovirus DNA-A components, we detected significant evidence of 49 unique events involving either of the two ToCMoV isolates as potential donors or acceptors of sequence. However, in most cases, it was very difficult to discern whether the ToCMoV isolates were donors or acceptors of sequence during these events. Each detected recombination event split the alignment into two fractions, each corresponding to the portions of sequence derived from either of two parental viruses. We called the portion of the alignment corresponding to the larger fraction the major region and the fraction of sequence corresponding to the smaller fraction the minor region. Starting with the most obvious recombination events (those yielding the lowest P value scores), we progressively examined every event, constructing two bootstrapped (1,000 replicates) neighbor-joining trees for the major and minor regions indicated by each event. From these trees, the minimum number of tree modifications (branch cutting and grafting) required to convert each tree into the other was determined using a method similar to that described by McLeod et al. (33) . Given both the minimum number of cuts and grafts required to convert each tree into the other, and the 49 sets of potential parental and recombinant sequences identified for the different recombination events, in 34 cases we inferred that the sequences that moved during pruning and grafting were recombinants. In the 15 remaining cases, however, pruning and grafting also involved moving either one or both parents. This probably indicated that the parental viruses used to detect the events were themselves recombinants. In such cases, we used the Phylpro method (52) to choose the most likely recombinant from among the two or three sequences that the pruning and grafting method had indicated were possible recombinants. The Phylpro method examines the pairwise Jukes-Cantor distances between a potential recombinant and all the other sequences in the alignment, and linearly regresses the distances determined for the major region of the alignment against those determined for the minor region. The comparison yielding the lowest correlation coefficient indicates which of the sequences is more likely to be recombinant.
Of the 49 events involving the ToCMoV isolates as either donor or acceptor sequences, we identified only four events in which it is very likely that the ToCMoV isolates were sequence acceptors (Fig. 4, events a-d) . Although both isolates bear evidence of all four events, event c was detectable only by the use of more than one recombination detection method in ToCMoV-[BA-Se1]. Because all of these events are detectable in both sequences, it is likely that they occurred before the isolates diverged and, therefore, are reasonably old events. Interestingly, the results of our recombination analysis contradict that of a previous study (16) , which indicated that ToCMoV-[MG-Bt1] could be a ToCMoV-[BA-Se1]-ToRMV recombinant. Because both the prune-graft and Phylpro (52) methods indicate that ToRMV is an acceptor sequence, we propose here that it is, in fact, ToRMV that is a ToCMoV-[MG-Bt1]-ToSRV recombinant (Fig. 4, event e) . ToRMV is more closely related to ToCMoV-[MG-Bt1] between genome positions 1 and 1,700 than it is to ToCMoV-[BA-Se1], implying that this recombination event is reasonably recent and occurred after MG-Bt1 and BA-Se1 diverged. Accordingly, ToRMV also bears evidence of three of the more ancient recombination events detected in this region in the ToCMoV isolates.
No evidence of recombination was detected in the DNA-B sequences of ToCMoV-[BA-Se1].
DISCUSSION
We have undertaken a molecular and biological characterization of a new Begomovirus sp. involved in tomato disease outbreaks in northeastern Brazil. It is the first identified begomovirus specie from this region of South America (39) 
We have demonstrated that cloned ToCMoV-[BA-Se1] was both whitefly transmissible and infectious using different methods of artificial inoculation. The molecular and biological characteristics of the two genome components were those of a typical bipartite begomovirus specie, with infection achievable only when both components were inoculated into a susceptible plant.
The , also have the capacity to infect N. benthamiana in the absence of DNA-B (6, 8, 16, 21, 23, 39, 42, 48) . However, the symptoms induced in these exclusively DNA-A infections are invariably milder than the symptoms induced when DNA-A components are co-inoculated with their cognate DNA-B components. Moreover, all of these viruses, including ToCMoV, always are found accompanied by a cognate DNA-B in nature. In addition to improving the capacity of bipartite viruses to move within and between infected cells (21, 50) , a DNA-B component may increase the whitefly transmissibility of viruses (27) . In a natural setting, either new opportunities (such as that provided by a more promiscuous vector biotype) or environmental pressures to infect new host species also may favor the maintenance of DNA-B.
Host range information is an important prerequisite for understanding the epidemiology of viruses and also can be useful for their characterization and effective management (37) . The experimental host range of ToCMoV-[BA-Se1] includes agricultural, ornamental, and weed species commonly found in the northeastern parts of Brazil where the virus was isolated. Our data implies both that ToCMoV can infect and become a problem in crops like tobacco, soybean, and pepper, and that these crops, along with weed species such as Nicandra physaloides, might provide an inoculum source for the infection of tomato crops. We previously have detected begomovirus-infected pepper plants in the state of Pernambuco (26) at the same time and area in which other ToCMoV variants were detected from tomato (39) . Although the exact identity of this pepper-infecting begomovirus specie is unknown, the ability of ToCMoV-[BA-Se1] to infect all of the pepper genotypes tested indicates that the virus is a potential threat to pepper cultivation.
ToCMoV and other emerging tomato-infecting begomovirus species are apparently indigenous Brazilian viruses that, probably due to the broad host preference of the newly introduced B biotype of B. tabaci (4, 28) , recently have become transmissible to tomato. N. physaloides is a common weed found in tomato fields. Even though ToCMoV-[BA-Se1] experimentally infected this host and induced symptoms similar to those induced by NDNV, a begomovirus specie isolated from this host (A. K. Inoue-Nagata and S. G. Ribeiro, unpublished data), ToCMoV-[BA-Se1], and NDNV share only 75% sequence identity. Whereas alternative natural hosts have been identified for ToRMV (13, 22) and Tomato yellow vein streak virus (ToYVSV) (41), recent surveys have failed thus far to detect ToCMoV in any host other than tomato (1). One possible reason for this is that sampling generally has focused on the collection of symptomatic plants. We have shown here that, as is the case with other Brazilian tomato begomoviruses (13, 47) , ToCMoV-[BA-Se1] is capable of asymptomatically infecting different host species. A case for the importance of asymptomatic infections in the spread of begomoviruses has been made with TYLCV- [DO] . This virus asymptomatically infects several weed species in the Dominican Republic and it has been demonstrated that viruses transmitted from these weeds play an important role in the primary infection of tomato plants early in the season (46) . Surveys of asymptomatic weed plants within the vicinity of infected tomato fields might indicate whether or not a similar situation is occurring with ToCMoV and other Brazilian tomato begomoviruses.
Phylogenetic analyses based on New World begomovirus DNA-A sequences supports recently published results (43) indicating that Brazilian begomoviruses form a distinct monophyletic group. Within this group the viruses apparently are segregated into crop-and weed-infecting clades, although additional sampling may blur this distinction. ToCMoV-[BA-Se1] clusters together with ToCMoV-[MG-Bt1] within the crop-infecting group, indicating that both virus isolates, despite being isolated >1,000 km apart, belong to the same new species.
Pseudorecombination and recombination are apparently common features of begomovirus evolution (20, 35, 45) and might contribute to the emergence of novel, highly pathogenic virus variants such as the one causing severe cassava mosaic disease in Uganda (36) . Although experimental reassortment between components of Brazilian begomoviruses has been demonstrated (16), we have found here that ToCMoV-[BA-Se1] and the closely related virus, ToRMV, do not form viable pseudorecombinants. This probably is due to the high degree of divergence in both their iteron and Rep-binding domain sequences.
Our recombination analysis indicates a possible reason for ToRMV having an apparently incongruent B-component. Whereas ToRMV and ToCMoV isolates are very similar from their origins of virion strand replication to the end of their AC1 ORFs, most of the ToRMV AC1 and the common region containing the iteron sequences and Rep-binding domain have been Black boxes indicate that a recombinant region was detected with a high probability (P < 0.05) by at least two methods. Hatched boxes indicate regions where, although recombination was detected with only one method, the same ancestral recombination event was detected in another sequence by at least two different methods. The events are labeled a to e and details of approximate breakpoints, probable parents, and probability scores for the different analysis methods are given at the bottom of the figure. derived from a sequence resembling ToSRV. It is probable that, following a relatively recent ToSRV-ToCMoV recombination event, the nascent ToRMV selected the ToSRV B-component with which it shared appropriate iteron and Rep-binding sequences. Properly testing this hypothesis would first require the isolation of, and pseudorecombination studies with, a ToSRV DNA-B sequence.
Our recombination analysis also suggests that ToCMoV has a long history of recombination. Four recombination events were detected within the DNA-A sequences of the ToCMoV isolates BA-Se1 and MG-Bt1. Although only distant relatives of the actual parental viruses involved in these events were identified, further sampling and characterization of both crop-and weed-infecting begomoviruses might lead to the identification of a virus more closely resembling ToCMoV's parents. Whereas ToRMV is apparently the product of a quite recent ToCMoV-ToSRV recombination event, the four events detected in ToCMoV (three of which are also identifiable in ToRMV) are considerably older and precede the divergence of ToCMoV isolates BA-Se1 and MGBt1. Therefore, whereas recombination may have contributed to the recent emergence of ToRMV, it is unlikely that it has contributed to the emergence of ToCMoV.
Of the new begomoviruses believed to be involved in Brazilian tomato disease epidemics (10, 39) , ToCMoV, ToRMV, ToSRV, and ToYVSV seem to have expanded their initial geographic ranges in the last 5 years. ToCMoV recently was detected in central Brazil infecting tomato plants in the Federal District (5) and in Paty dos Alferes, RJ (14) , the largest fresh market tomato-producing area in the country. Interestingly, tomato plants in the latter area were begomovirus free until 2004. In both cases, ToCMoV was found in mixed infections with at least one other begomovirus specie, and novel recombinants were detected. Although it seems that these four species currently are dominating the begomovirus epidemic in tomato, it appears that the situation is far from static. Although inbred or transgenic resistance in tomato is going to be difficult enough to achieve against all these viruses, there is a perpetual risk that resistance-breaking or ultrapathogenic recombinant variants, and possibly even new species, could emerge at any time.
